ya.

/—7

» Los Alamos
NATIONAL LABORATORY
————— (37.0%4) ~

LA-UR-19-22567

Approved for public release; distribution is unlimited.

Title:

Author(s):

Intended for:

Issued:

IS&T Computing Overview

Qualters, Irene
Taylor, Antoinette Jane
Hagberg, Aric Arild

ALD presentation to Chris Fall and Cathy Tripodi visit to LANL

3/21-22/19; institutional host Mason, technical host Sarrao, organized
out of DDSTE/Protocol planner Peggy Vigil

2019-03-21




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National
Nuclear Security Administration of U.S. Department of Energy under contract 89233218CNA000001. By approving this article, the publisher

recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as
work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom
and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its

technical correctness.



IS&T Computing Overview
Emphasis: HPC, QIS, Al/ML

Irene Qualters

ALD, Simulation and Computation

ASCR POC

ECPLOTF

Toni Taylor

ALD, Physical Sciences

BES, FES, HEP,NP POC

Aric Hagberg

DDD, Computational and Statistical Sciences
LANL CRLC member

March 21, 2019

NYSA

Managed by Triad National Security, LLC for the U.S. Department of Ene gy s NNSA




March 21, 2019

TA-3, Bldg. 123. T Conference Room 218-220

* Introduction to IS&T at LANL

— Integrated Information Science &
Technology (IS&T)as a Core
LANL Capability

— IS&T within the Lab Agenda

— Office of Science Investments in
Simulation and Computation
Directorate

« HPC: Exascale and beyond
* Quantum Information Science

« Artificial Intelligence/Machine
Learning
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Integrating IS&T for Prediction is one of four core capabilities that
guide strategic investment to realize LANL mission and vision

I NUCLEAR AND
IVIATERIALS FOR SCIENCE OF | WIEGHATLIC PARTICLE FUTURES
FUTURE SIGNATURES NFORVIATION; : :

RLE SCIENCE, AND High Energy Density
Defects and Discover TECHNOLOGY Physics & Fluid Dynamics
Interfaces Signatures FOR PREDICTION Nuclear & Particle
Physics, Astrophysics &

Extreme Revolutionize Complex Networks
Cosmology

Environments Measurements Computational

Emergent Forward Co-Design
Phenomena Deployment

Applied Nuclear Science
& Engineering
Data Science at

Accelerator Science &
Scale

Technology

Mission: To solve national security challenges through scientific excellence

Vision: To deliver science and technology to protect our nation and promote world
stability
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Integrating IS&T for Prediction is a cross-cutting pillar

T Ty Ty
S I S N

M SRR NUCLEAR AND
ATERIALS FOR SIGNATURES
THE FUTURE PILLAR PARTICLE FUTURES

PILLAR

PILLAR

Computational Co- Data Science at Scale Complex Networks

Simulation Science Analytics

Mission-driven High Performance Computing



LANL Approach to IS&T is rooted in CoDesign : Integrated, cross-

disciplinary, mission-driven, encompassing evolution and revolution

Suites of High-PeﬂO(manoe
Experiment, . g?nrlnuﬁ:::gg ,
Data Accelerating_ ;s alization

Discovery, Innovation,
Impact for Present &
Future Complex Missions
Prediction & Control

Modeling
nformatic

The process of co-design as presented
in the ECDC White Paper written by 5
exascale co-design centers
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IS&T Pillar leadership is strongly positioned for cross-cutting

effectiveness in the Triad LANL structure

Lf[?(())rato ry Director’s Office TCaboratory Stat O atthow Nerzig.
Director ivisi
{ ) Frances Chadwick o St
Office of Counterintelligence
Daniel Cloyd
Office of General Counsel
I I David Sosinski
Office of Government
’ Smené: =) [BEIEEIT, - ,\Weapons Operations "Fatrick Woshrie
nglnee”ng A A Office of National Security
T o n GrT Bob Webster Kelly Beierschmitt & el Sudes
[ [
jon & Enabliw Weapons Mission Mission Operations
ALD, Chem|ca| WA'-D' ALD, ALD, BA[.D,
Security Earth & Llfe eap_ons Weapons ESHQSS usiness
Sciénces Physics —1  Production h —— Management
Nancy Jo J Patrick Michael Dave Evl Michael LeAnne
Nicholas Fitch \ BErein avelye Hazen Stribley
Director,
B —_——— Actinide
s Operations i
. Simulation & ALD, Weapons Frank Gibbs AL Cp i ALD, Facilties
Sciences Endinean | | Projects & Operai
JR . Computation ngineering Kathve —— pgra |ops
Tavior Irene James Owen Saode Bret Simpkins
Y \ Qualters 9

N
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Directorate for Simulation and Computation is home to

IS&T Pillar Leadership

Fundamental domain expertise (T-Division) uniquely positions LANL IS&T for multi-disciplinary approaches to technology strategy

Computer, Computational

and Statistical Sciences Division

Ed Dendy
Division Leader

Aric Hagberg
Deputy Division
Leader

Linn Collins
Group Leader
Applied Computer
Science

Markus Berndt

Group Leader
Computational Physics
| % and Methods

Patrick Kelly
Group Leader
Information Sciences

James Gattiker
Group Leader
Statistical Sciences

Los Alamos National Laboratory

Irene Qualters

Director

Associate Laboratory

Paul Dotson

Chief Operating Officer

High Performance

Computing Division

Cindy Martin
Group Leader
Environments

Jeff Johnson
Group Leader
Systems

David Morton
Group Leader
Design

Gary Grider
Division Leader

Rand
Rheinheimer
Deputy Division
Leader

Theoretical Division

Jack Shlachter
Division Leader

Joel Kress
Deputy Division Leader

Pieter Swart
Group Leader

Applied Mathermatics
and Plasma Physics

James Colgan
Group Leader
Physics & Chemistry
of Materials

Nicolas
Hengartner
Group Leader
Theoretical Biology &

Joe Carlson
Group Leader
Nuclear & Particle
Physics, Astrophysics &

Angel Garcia
Center Leader
Center for Nonlinear
Studies

Kim Rasmussen
Group Leader
Fluid Dynamics & Solid
Mechanics
Avadh Saxena
Group Leader
Physics of Condensed
Matter & Complex
Systems




Vibrant and cohesive IS&T capabilities are key to achieving lab agenda

SIMULTANEOQUS
EXCELLENCE
Strategic
Objective
{1020 years)
Critical
QOutcomes
(510 years)

Major Strategic Initiatives
(1-5 years)

Los Alamos National Laboratory

1. NUCLEAR SECURITY

Excellence in Nuclear Security Excellence in Mission-Focused Science,

Excellence in Mission Operations

Technology. and Engineering

Deliver scientific discovery and technical
breakthroughs that support DOE and
NNSA missions

I.1. Refresh and refine the LANL
apability pillar framework

Design, produce, and certify current and
future nuclear weapons and reduce the
global nuclear threats

= |.1. Execute LANL's Manufacturing
mission to deliver 30 plutonium pits per

L] II.Z.hV CEarreeTan ence,
|.2. Transform nuclear weapons warhead enginesring, andtechnoloq'.'to enable
desian and pmduchon ECSE >DMMSC and related o

I 4 .P«[:hleve Flral Production Unit (FPU)
and Last Production Unit (LPU) for the
W88 ALT 370, B61-12 LEP, and ALT
940

Il. 5 Develop and implement an
integrated nuclear energy and materials
initiative

Execute sustzined operations that are
reliable and responsive to mission needs

7T Achieve culture change with an
emphasis on organizational learning
L. 2 Improve integrated planning across

1.3, Adiresseniicaliceueereidied to
NMCE&A, nuclear safety, criticality safety,
and waste

liL4. Implement systematic process
improvement to drive increased rigor and
efficiency in work execution

111.5. Enhance quality of work life,
workforce planning, and training and
development

IV. COMMUNITY RELATIONS

Excellence in Community Relations

Sustain and enhance LAMNL's
partnership with the community across
the Northern New Mexico (NNM) Region

= |V.1. Institute a personal commitment
to communrh.f service by LANL

~2_ Engage in mission-centered

workforce and pipeline development

IV.3. Enhance small business

am[:lpallon in executing LANL
PaeaCross all directio

= |V.4. Implement a Community
Commitment Plan to provide
educational, economic development,
and philanthropic support to the
surrounding community



ECP History: From the Start of Project to Present

FY16 Q1-2 FY17 Present (since Q3 FY17)

|
|
|
|
ECI: 10-year initiative : Acceleration & Data convergence : Change in priorities reflected in DOE
ECP CD-0 based on 10 | 7 year ECP, novel arch 2021 i FY18 budget request:
years : system : Push Argonne’s planned 2018 Intel system to

|

| |

|

|
: |
| |

2021 and increase to exaflop
2015 2025 2016 2022 » Bring ORNL exascale system in to 2021 to help
ECP ECP ensure mission success
] » Move ECP ES scope to SC leadership facilities
Apps Apps and NNSA HPG fagilties via ECI -
SW S ECP
Vendor R&D Vendor R&D J .
Exascale Systems Exascale Systems | Emphasis on
NRE NRE — ECP/Facilities Integration
Testbeds Testbeds . Facilities
Exascale Systems, NRE, Testbeds

System Acquisition Target System Acquisition Target System Acquisition Target
1 SC novel arch system (2021)
1 SC exascale systems (2022)

1 NNSA exascale system (2023)

ANL exascale system (2021)
ORNL exascale system (2021-22)
LLNL exascale system (2023)

2 SC exascale systems (2022)
1 NNSA exascale system (2023)

ECP matured, not without local challenges; project end is approaching

Los Alamos National Laboratory 3/21/19 | 9



LANL is strongly represented across the breadth of ECP governance, applications, and software
technologies and also strongly represented in the SCIDAC portfolio

¥

Laboratory of  ues s comes
~._Multiscale

Fhuids and studies in
P50 Darme. (g«' ‘= [ "Se. building
[ & 3 [ physics
T3 : 5 2 ~
Grarlar Physics ~ T
GL P Jornecn, J. Camwbet 11 1
CotmiCs SO LANL ‘(-._
Time
RN 5 "
Urban Maceochmate and 4 A
Climatic Change a
GL J Comrwled - / mens

Materials
*Ex Mat Ex

RAPIDS: A SciDAC Institute for Computer Science and Data Rob Ross (ANL) Jim Ahrens

Coupli for Next: i i (CANGA) Philip Jones, LANL
ic Sea-Level Projecti lce Sheet and Earth System Models Stephen Price, LANL
N i ics with Multi-Moment C istic Discont Galerkin Peter Bosler, SNL Balu Nadiga
Methods
A New Discrete Element Sea-ice Model for Earth System Modeling Adrian Turner, LANL
Nuclear Computational Low Energy Initiative (NUCLEI) Joe Carlson, LANL
Computing the Properties of Matter with Leadership Computing Resources Robert Edwards, TINAF Boram Yoon
] e " (TEAMS) William (Raph) Hix, ORNL Chris Fryer

Simulation of Fission Gas in Uranium Oxide Nuclear Fuel Gt Pl e G

Accelerating HEP Science: Inference and Machine Learning at Extreme Scales Salman Habib, ANL Earl Lawrence

Tokamak Disruption Simulation Xianzhu Tang, LANL

Los Alamos National Laboratory

PLES

FIRST - PRINC

Quantum Methods
and Approximations

Climate
*http://empa.ch

GN

5
t

ENGINEERING DES

Andres Jaramilo-Botero and Willam A. Goddaed 11l © 2006

Biology

*http://wag.caltech.edu

3/21/19
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NNSA/ASC is currently revising its platform strategy to

account for technological and budgetary realities

Sequoia (LLNL) I
) ATS 1 - Trinity
[
>
9SS w ATS 2 — Sierra (LLNL)
O O E
cC C o)
ccl
>0w
T 0 >
<H—W
System
Delivery TBD
™ ri-lab Linux Capacity Cluster Il (TLCC Il) I
|_
232
2 S Procure&
< _g % Deploy
g o w Use
o >
OF®w Bl Retire
|
T T T T U] T ‘I ‘I T T ‘I . ]
“13 “14 “15 16 “17 18 19 20 21 22 23

Fiscal Year

Crossroads proposals due April 8, 2019
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Office of Science Strategic Workshops and Reports are re-examining new
opportunities for HPC advances in a diverse, disruptive, and dynamic

technoloqgy landscape

Extreme Heterogeneity Viut:]

Basic Research Needs for

Microelectronics

DOE ASCR Basic

Needs
January 23-25, 2018

Di 'y Scié tor lutionize microelectronics
beyond today’s roadmaps

Los Alamos National Laboratory

BASIC RESEARCH NEEDS FOR
Scientific Machine Learning

Core Technologies for Artificial Intelligence

3/2119 | 12



IS&T Strategy Refresh planned: integrating ASC, ASCR priorities

F. 4 3
! Science That Matters:
- Integrating Information,
Science that Matters: F |
intagreting Information, Science, and Technology for ’
Science, and Technology Prediction

for Prediction

Irmprlementalion Phne 3.0 3
Febraary 2014 Strategic Plan
December 2010

Solutions

LAk 324N
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DOE SC Investment in Simulation and Computation

Divisions spans HEP, NP, BER, BES, ASCR programs

DOE-Office of Science FY18 Confirmed Budget by LANL
Division ($M) Including Previous Year Carryover

HPC, 1.5,
1%

(Total = $151M)

MST, 5.3, 3%

MPA, 21.6, 14%

EES, 20.2, 13%

X

CCS, 12.7 AOT, 2.2,
8% 1%

P, 20.9, 14%
PADSTE, 2.5, 2%

Los Alamos National Laboratory
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FY19 Early Career Awards have strong LANL participation

e LANL submitted 25 Pre-proposals (there were 22
last year)

o ASCR-3; BER-5: BES-12: FES-3: HEP-1: NP-1 D o EERGY

e Applicants were from 10 LANL Divisions

o A-1; AOT-1; B-1; C-3; CCS-1; EES-4; MPA-5; MST-2; P-
3: T4

o ASCR: CCS-7; Irina Demeshko; “A Framework for Highly
Parallel Task-based, Asynchronous Multilevel Solvers”

EARLY CAREER RESEARCH PROGRAM

DOE NATIONAL LABORATORY PROGRAM ANNOUNCEMENT NUMBER:

o  ASCR:T-5; Guangye Chen; “Unsupervised-learning-assisted LAB 192019
Multiscale Algorithms for Kinetic Systems of Arbitrary ANNOUNCEMENT TYPE: AMENDMENT 00001
COIIISIonaIIty A d 00001: This clarifies the eligibility requirements regarding years

from PhD, language used in some topical program descriptions, and the relevant technical
points of contact.

o BES: T-1; Enrique Martinez Saez; “Integrated Mechano-

. . . A I Date: January 7, 2019
Chemical Framework to Understand the Radiation Response Submisson Deadline for Lefer of Intent: | NA
. ” Submission Deadline for Pre-Proposal: February 6, 2019 at 5:00 PM Eastern Time
of Multicomponent Concentrated Alloys A Pre-Proposal s required
Pre-Proposal p Date: March 8, 2019
Submiss?on Deadline for Proposals: April 29, 2019 at 5:00 PM Eastern Time

o BES: T-4; Shi-Zeng Lin; “Theoretical Study of Novel
Quantum States Stabilized by Magnetic Spin Textures”

o  NP: T-2; Emanuele Mereghetti; “Nuclear effective theories
for searches of physics beyond the Standard Model”

Los Alamos National Laboratory 3/21/19 | 15



2019 Office of Science research investments are a
significant portion of the SC directorate portfolio

ALDSC FY19 Operating Budgets

DSW, 6,908 , 2%

Office of Science, 44,307 , 14% . SPP, 16,400 , 5%

Integrated Contracts, 11,463 , 4%

LDRD, 37,023 , 12%

Indirect, 33,430 , 10%
Energy, 7,632 ,2%

RDT&E Platform, 22,761 , 7% — NN, 6,526, 2%
Other Direct, 1,244 , 0%

Other Weapons, 3,789 , 1%-
ASC, 122,525 , 38%

SCl, 8,599 , 3%

W Office of Science M SPP M Integrated Contracts M Energy NN  ® Other Direct ASC Nel Other Weapons RDT&E Platform Indirect LDRD MW DSW

Los Alamos National Laboratory 3/21/19 | 16
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 Quantum Information Science

« Artificial Intelligence/Machine
Learning

Los Alamos National Laboratory 32119 | 17



LANL has been Involved in QIS Since the Beginning

Quantum Lunch seminar series

Detineatiog th bader b the uaniu ey i by the g st v the s e — http://quantum.lanl.gov/glunch/
lllustration from Wojciech Zurek’s “Decoherence and - Oqettalk e}:/edry _1 -2 \;vgglz(s’ running
the Transition from Quantum to Classical’, Physics uninterrupted since

Today (1991). — Both internal speakers and visitors to
Zurek (still at LANL) is known for foundations of ;che .Lab.ora’Fortyk,] fr?rr;dpostdocs to
quantum decoherence, the Kibble-Zurek mechanism, uminaries in the fie

and the no-cloning theorem. — Broad coverage of QIS-related topics

Los Alamos National Laboratory 3/20/19 | 18
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LANL’s current approach to QIS is consistent

with the goals of the Lab Agenda

“Breadth over depth”
— Cover as many aspects of quantum computing as possible
— Don’t know a priori what will turn out to be useful so try everything

Consider both gate-model quantum computing and quantum annealing
Develop partnership strategies: Compete or collaborate?

Invest internal funds into different types of investigations

— Fundamental science, with internal investments from the Laboratory Directed Research and
Development office

— Additional funding through competitive proposals from DOE Office of Science (ASCR, BES, HEP)
— Delivery of Mission needs: investments from the Advanced Simulation and Computing program

Additional emphasis on education
— Internal funding through the National Security Education Center

— Train the LANL workforce—in particular, staff members with no background in anything
quantum-related—to program quantum computers

— Train students in quantum information processing and hope they one day become LANL staff

— Address research challenges crosscutting physics, computing, & materials

Los Alamos National Laboratory 3/20/19 | 19



LANL has a multi-faceted Quantum Strategy that connects fundamental

R&D with our NNSA and broader national security missions.

e Science Frontiers
» “Co-Design”

ASCR BES HEP NP

Synthesis,
Quantlm_ characterization,
algorithms; theory, modeli
! ry, eling,
uncertainty and instrumentation
quantification and to advance
verification & quantum materials
validation & chemical
methods; phenomena

software stack;
quantum networks Quantu-m Field Theory and T_opology
Control of Quantum Phenomena

Isotopes and
trapped ions for
quantum devices;
lattice quantum
chromodynamics

Black hole physics;
quantum gravity
and quantum error
correction;
fundamental
aspects of
entanglement

HEP, NP: theory, fund physics, detectors
BES: matls =»quantum; quantum =>»matls
ASCR: quantum algorithms & testbeds

 Bleeding Edge
Technologies

* Novel Hardware
* VVendor Access

* Mission Needs

Institutional Investment

» Competitive LDRD; Early Career Awards
» Rapid Response Efforts; Summer Schools

3/20/19 | 20
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Office of Science investments enable [/} Eﬁ"ER"ﬁEFY gﬁ,ice O
cience

foundational R&D in QIS at LANL

Advanced Scientific Computing Research

+ Optimization, Verification and Engineered Reliability of Quantum Computers, (SNL led)

* Quantum Algorithms from the Interplay of Simulation, Optimization, and Machine
Learning (SNL led)

Basic Energy Sciences

+ Topological phases of quantum matter and decoherence

* Deterministic placement and integration of quantum defects, (CINT, LANL)

* Quantum Sensed Nuclear Magnetic Resonance Discovery Platform, (CINT, SNL)

High Energy Physics

* Quantum Computing for Quantum Field Theories and Chiral Fermions

* Quantum Computing for Neutrino Nucleus Dynamics

* Quantum Foundations on Quantum Computers

 Quantum Machine Learning Enhancing Lattice QCD Calculations of Matrix Elements
for Beyond the Standard Model Physics Search
New proposal calls in QIS underway from BES and HEP.
QIS calls from Nuclear Physics and Fusion Energy Science are forthcoming.

Los Alamos National Laboratory 3/20/19 | 21



The Center for Integrated Technologies (CINT) is R

i . W
=(1}]):

leading the DOE-BES Nanocenters in nano>QIS S&T. N&%

New Quantum Materials Thrust with a focus on understanding and controlling quantum effects in
nanoscale materials and their integration into systems spanning multiple length scales.
« Capabilities to fabricate Qubits and next generation nanomaterials

— Fabrication of donor-dot (and other structures) qubit devices in semiconductor systems

— Next generation QIS materials e.g. single photon sources, topological materials
« Capabilities to characterize Qubits and next gen QIS materials

— Single spin characterization and single photon measurements at high magnetic fields

— State of the art instrumentation to study single nanostructures and single photons, including optical
spectroscopy systems equipped with a 9T magnet

« Strong Theory support coupled to QIS effort at host labs

— Real-time density functional theory, time-dependent Lanczos and dynamical mean-field theoretical
methods, to tackle both weakly and strongly correlated quantum materials

7S
S UKE
N

Three areas identified in CINT strategic plan for expansion:
1. Deterministic placement and electronic/photonic integration of solitary quantum defects.
2. Build Quantum-sensed Nuclear Magnetic Resonance (NMR) Discovery Platform™,

3. Using light to probe and control novel phenomena in quantum materials.

Los Alamos National Laboratory 3/20/19 | 22



Our QIS portfolio supports development of quantum

sensors to improve inertial navigation for DOD missions.

Atomic-Photonic Integration (A-Phl) Program:
“The A-Phl program will develop trapped-atom based, high performance Position,
Navigation and Timing devices and reduce the complexity of these atomic systems using
Photonic Integrated Circuits.A-Phl will also demonstrate proof-of-concept trapped atom
gyroscopes, a matter-wave analogue of the interferometric fiberoptic gyroscope” (Program

motivated in part by LANL's matter wave circuitry technology developed by LDRD.)

LANL has developed the world’s first waveguide Sagnac, atom interferometer
Goal: Realize a Sagnac
atom interferometer using a
moving atomic waveguide to
contain a BEC that is split,

08 1

Number ratio

Dichroic Mirror -

[ reflected and recombined. 02 ;
ichroic Mirror . )
- The motion of the waveguide 00 ,
0 1 2 3 4
’ b .rneans that the Piezo modulation (V)
G oA G wive boa interferometer encloses an Interference signal from the
area. Sagnac atom interferometer.

Los Alamos National Laboratory P| MalCOlm BOShier 3/20/119 | 23



We are applying quantum communications & cryptography

techniques to improve the security of the electric grid

Objective Result Pl: Ray Newell
Use quantum key distribution Fully operational with existing SCADA  Sponsor:: Office of Cybersecurity,
(QKD) to secure control systems hardware Energy Security, and Emergency
data with acceptable latency . L " Response (CESER)
o Multicast authentication within latency
» Existing crypto cannot requirement - N
authenticate within Iatency Industry-standard phasor clatacal and quastum ugeah
requirement data concentrator ":‘f‘“

Industry-standard phasor
measurement unit

Latency vs Packet Size

100000

3 10000

1000 *

100 4 *

ses oo ?

Secure communication with extremely low latency

10

v o s e o) | Next step: partner with ORNL A
and EPB (Tennessee utility) to <
demonstrate metro-scale QKD. o !

Los Alamos National Laboratory



LANL acquired a D-wave quantum annealer supported by

NNSA'’s Advanced Simulation and Computing Program

« D-Wave quantum annealer 2X “Ising”, ~1000 qubits
« Shared resource usage model on open network

— Focus is to develop collaborative network of people and
ideas

— External users/collaborators welcome

— Makes LANL the world’s first “quantum user facility”

« Reaping benefits of local access
— Unmetered access encourages experimentation and enables QC community growth

— D-Wave staff member on-site at LANL since 2016 giving technical advice &assistance and
providing on-site D-Wave tutorials spanning multiple levels of expertise.

— LANL has developed multiple open-source software packages for the D-Wave

— Usage stats (Nov 2016—May 2018): Jobs executed: 291,847,888 (9,629 QPU hours), Average
utilization: 70%

Leading to emerging collaborations with other quantum computing vendors

— Rigetti, Intel, IBM

Los Alamos National Laboratory 3/20/19 | 25
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LANL’s outreach and community engagement is through the

National Security Education Center (NSEC) and other venues

International Workshops (Center for Nonlinear Studies)

« Quantum Computing and Information for Nuclear Physics
Drury Plaza Hotel, Santa Fe, NM
January 23-25, 2019

* The Institute for Materials
Science (IMS) is sponsoring a
Quantum Matter Visitors Group
in the summer of 2019, with Joel
Moore, Allan MacDonald, and
Todari Senthil forming the

inaugural members for 2019.

« LANL IMS and ISTI leads participating on organizing committee for UC/ Lab
QIS Workshop

 LANL (Candy Culhane) co-leading the 2019 IEEE Quantum Initiative.


http://www.cvent.com/d/3bqxn6

In concert with the directions articulated in the National Quantum

Initiative, LANL is exploring complementary alliances and partnerships

* Regionally centered partnership—draws coordinates complementary
resources “under one roof” in the Rio Grande Corridor:
— LANL, Sandia; UNM; University of Colorado; Boulder; regional industries
— Fundamental research (including industry-funded) and workforce development
— Higher TRL R&D, IP-protected CRADA’s and national security connection at LANL & Sandia
— QIS Industry Engagement
— Coordination with NIST

* Quantum S&T Thrusts: Quantum Computing and Simulation; Quantum Networks
and Communications; Quantum Matter and Dynamics; Quantum Sensing and
Metrology

« Leverages: DOE User Facilities (e.g., CINT); DOE & industry QC testbeds; HPC

« Builds on LANL'’s strengths in quantum and quant-information theory, many-body
physics, device physics, quantum sensors, HPC, g-simulation & annealing, quantum
computation and algorithms, materials co-design

« Additional partnership formed with LLNL and PNNL for WFO national security
SPONSOIS.

Los Alamos National Laboratory 3/20/19 | 27




Final thoughts/summary

 LANL has a long history with all things quantum
— Quantum computing, quantum sensing, quantum information, quantum materials

« We are pursuing a multi-faceted Quantum Strategy that connects
fundamental R&D with our NNSA and broader national security missions.
— Target precious internal funds towards groundbreaking quantum-related research
— Vigorously pursue competitive opportunities in Office of Science and other sponsors

* Bold move: procurement of a D-Wave quantum annealer
— Can we identify its strengths and learn how to take advantage of them?

* Unique aspect of LANL’'s approach: education in QC of non-experts
— Grow a community of QC users from spanning science disciplines

— Establish a pipeline of QC users and researchers into the Lab, with an exciting science base
as a key draw

- We are developing partnerships to be ready to exploit QIS funding opportunities.

* QIS is a fiercely competitive arena with staffing challenges that are combined with
the need to work the boundaries of open/secure environment.

Los Alamos National Laboratory 3/20/19 | 28
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« Artificial Intelligence/Machine
Learning
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LANL is developing machine learning for science and

security missions

* ML has expanded rapidly at LANL

« Converging communities of multidisciplinary
researchers

» Leveraging historical strengths in
computational physics — “physics-informed
ML”

* |Investing with LDRD program to develop
capability and teams for mission

« Engaging community through workshops
and conferences

« Developing pipeline with schools and
student internships.

Los Alamos National Laboratory 3/20/19 | 30




Machine Learning at LANL dates back to 1985

N
o
1

number of papers
=
ul
1

10 A

Physica D: Nonlinear Phenomena
[ svoas oo acciss |

Artiches in press  Latest issue  Special miwes  All issues

Proceedings of the Fifth Annual International

Conference

Evolution, games, and learning:
Models for adaptation in machines and nature

CNLS Conference 1985

1985 1990 1995 2000 2005
year

2010

2015

A i

F.TWORK DYNAMICS

WV Coidil e \
L P

=, "February 18 2]34'2007

fSantalf
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Machine Learning at LANL intersects applications and

experts

« Community of >100 researchers spanning from software tool
users, through advanced practitioners (~30), to experts (~10).
Approximately $15M/year, increasing rapidly.

« Some areas where LANL is developing and applying ML
» Materials science: Experimental design, molecular dynamics
« Energy infrastructure: Electrical system parameter learning
« Theory: Graphical models, sparse coding, reduced order modeling
» Cybersecurity: Anomaly detection, classification
* Image and video analytics: Global security
« HPC: Performance prediction
» Geophysics: Earthquake prediction, low-yield nuclear monitoring

 LANL is on par with National Laboratory peers and benefitting from significant
investment in academic and industrial R&D

 LANL focus is on mission science applications
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ALDSC Machine Learning Technical Capabilities

- CCS:

— CCS-6: Statistics: Bayesian methods, gaussian process models, emulators
— CCS-3: ML methods: Deep learning, random forest, dictionary learning, computer vision
— CCS-7: Visualization: Large data analysis, in-situ analysis
* T:
— T-1: Chemistry/Materials: ML for MD and Quantum Chemistry
— T-4: Statistical Physics: Graphical Models, Emulators
— T-5: Applied Math: Inverse problems, dictionary learning, sparse coding
— T-6: Biostatistics
- HPC

— HPC-DES: High-performance computing system analysis
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Applications to Mission Science
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FY19 new starts in machine learning

LDRD (total $20M over 3 years)

Tensor Networks: Robust Unsupervised Machine Learning for Big-Data Analytics
+ Enabling Predictive Scale-Bridging Simulations through Active Learning
» Machine Learning for Turbulence
« Taming Defects in Quantum Computers (part ML)
+ Statistical Learning in Cyberphysical Systems
« Towards Memristor Supremacy with Novel Machine Learning Algorithms

« ASC ($4M FY19)
* Quantum Aware MD potentials
« Materials modeling in RISTRA
* Nuclear Data Evaluation
« Scheduling jobs on HPC
* Turbulence
« Multiple efforts on Strength/Damage modeling
« Radiograph Analysis
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LANL is playing a role in convening and coordinating the machine
learning community with workshops and conferences

2018 2019

Machine Learning for .
January 2018 - Santa  Jdiini RN R
Fe and SOlld Dynamics

2nd Physics- Informed
PRYSICS INFORIED HAEHINE LEARNING y s g

_Machine | earning

To be continued
« Data and Information Fusion, August 2018

) ‘ ' = -+ CoDA2020
March 7—9 2018 | Santa Fe New Mexico .

Exploring Data- Focused Research across the Departmem of Energy
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We are actively developing pipelines through schools

and fellowships

Quantum Neuromorphic Machine Learning
Hierarchical Sparse Coding for Language
Learning Tree Models with Latent Variables

Applied Machine Learning
Summer Resea rCh Fe "OWS h | Ol [Interpreting Gaussian Graphical Models
When to transfer? Information estimation of feature representation for Transfer

Los Alamos National Laboratory Learning of Convolutional Neural Networks
Molecular Property Modeling Using Machine Learning
Troll Hunter: Understanding Swarm Behavior in Social Networks
Characterization of High Performance Computing Sensor Data
Non-negative Matrix Factorization (NMF) Applied to Molecular Dynamics
Simulations of Protein X-Ray Diffraction
Machine Learning of First-Principle Particle Simulation Data on Particle Acceleration
during Magnetic Reconnection
Hyperspectral Detection of Variable and Multiple Targets with Matched Data Pairs
] . . Fast and Efficient Inferning Networks for Graph Partitioning
2018 2nd Applied Machine Learning Learned Structured Sparse Coding with Lateral Inhibition
Research Internship with larger scope  Efficient Seismic Event Detection using RPCA
. Detecting Underground Nuclear Explosion Signatures
* 24 Graduate Students (226 app“ed) Forecasting CO2-driven cold-water geyser eruptions
o Working on LANL problems Machine learning solutions to revealing the hidden seismicity of Mars
o Earthquake Similarity through Graphical Modeling of Arrival Time Data
* Mentors from across LANL appllcatlons Prediction of Stress Fields with Physics Informed Convolutional Neural Networks
and organizations Physics Informed Machine Learning for Backbone Identification in Discrete Fracture
Networks
Detecting Atmospheric Source Locations with Neural Networks
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Thank you
Questions/Discussion
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